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Construction of Section 19 of the Ashland-Alexandria Highway began in 1987. Because 
native soils have very low CBR values (1 to 3), it was decided to stabilize the soil 
subgrade with an application of 6% hydrated lime. The top 6 inches of the subgrade was 
to be stabilized. This process had not been previously used in Kentucky; and 
consequently, a research study was initiated to monitor this project. Objectives of the 
study were to monitor and document construction procedures, to determine the 
engineering characteristics of the treated subgrade through laboratory testing, and to 
report on the study findings. A substantial amount of field testing was conducted to 
confirm and supplement laboratory testing. 
Conclusions drawn from the study were: the addition of hydrated lime to the clay soil 
produced a desirable end product in which all engineering characteristics of the subgrade 
were improved, the Special Note for this project did not provide sufficient detail for 
inspection and acceptance but was revised subsequent to this project, depth of treatment 
was significantly less than specified, and that lime stabilization can significantly increase 
the bearing capicity of clayey soil subgrades .  
Ridges or  transverse humps have developed in the pavement surface of Section 19. The 
ridges were not extensive or of notable magnitude until approximately four years after 
completion of Section 19. An investigation of the ridges indicated that swell of the 
underlying Crab Orchard Shale and possibly swell of the untreated clay subgrade 
produced sufficient pressure to crack the treated subgrade. 
iii 
INTRODUCTION 
In recent years, it has become apparent that clay or silty clay soils do not always provide 
adequate bearing strength for pavement construction. Preparation of subgrade soils has 
typically been mechanical compaction to at least 95 percent of maximum dry density at 
optimum moisture content (plus or minus 2 percent). Optimum moisture and density 
conditions are determined from laboratory testing (AASHTO T 99 or ASTM D 698). 
Clay or silty clay soils, when compacted at optimum conditions and not permitted to 
absorb additional moisture, provide more than adequate bearing strength for pavement 
support or construction traffic. However, this is often not the case for short-term 
conditions (construction traffic) or long-term conditions (pavement support). Subgrade 
soils exposed to precipitation before construction of the pavement will increase in 
moisture content. In their natural or untreated state, these type soils will rapidly 
decrease in bearing strength and stiffness as the moisture content increases above 
optimum. There have been numerous localized failures, on this and other projects, 
during construction involving these types of soil subgrades. 
After the pavement construction is completed, the subgrade will acquire moisture 
through infiltration and capillary action. Especially during wet seasons untreated 
subgrade soils can increase in moisture content to the point where bearing strength is 
significantly reduced. This may cause increased pavement rutting, decreased pavement 
life, or possibly pavement failure. 
In recent years, several alternatives addressing the enhancement of engineering 
performance of subgrade soils have been considered. These alternatives include chemical 
additives (cement, hydrated lime, quick lime, and numerous waste by-products), 
mechanical stabilization (aggregate), and plastic grid reinforcement. This study 
addresses the use of hydrated lime for the stabilization of fine-grained clay soil subgrade 
on Section 19 of the Alexandria-Ashland Highway (KY 546) in northern Kentucky 
referred to as AA-19. 
In October 1986, the Transportation Research Program of the University of Kentucky 
published a report by Allen and Hopkins (1) which included information relative to an 
evaluation of the addition of hydrated lime to the subgrade soils of AA-19. That study 
involved laboratory testing only. The hydrated lime used was provided by the Dravo 
Lime Company of Maysville, Kentucky. A Dravo Company chemical analysis of the lime 
indicated total CaO of 72 percent with 69 percent available. The amount of lime added 
�����to the sni.Lw_as_detennined b�DravtLCom_pJWy_i��ing_illJJi_w_a§JLpen:!!ll.tbx w�igh,"" t�. ���� 
Results of the Allen and Hopkins study indicated that the addition of 6 percent hydrated 
lime generally enhanced the engineering characteristics of the soil for use as a pavement 
subgrade. As a result of the Allen and Hopkins report, a decision was made to treat the 
subgrade for the entirety of AA-19 with 6 percent hydrated lime to a depth of 6 inches. 
OBJECTIVES 
Because this procedure had not been previously used in Kentucky, a study was approved 
to monitor the construction procedures and the performance of the pavement structure 
and substructure for AA-19. The study objectives were: 
1. photo documentation and monitoring of construction procedures; 
2.  laboratory testing of subgrade samples for, freeze-thaw durability, triaxial, 
unconfined compression strength, permeability, and resilient modulus; 
3. annual pavement coring and testing as listed in item 2; and 
4. a construction report with annual memorandum reports for a period of five 
years. 
SITE DESCRIPTION 
The Alexandria-Ashland Highway runs from Alexandria in north central Kentucky to 
Ashland in north eastern Kentucky (Figure 1). The AA Highway was constructed in 
sections with Section 19 located in Lewis County. Section 19 began at Station 1495+00, 
approximately 500 feet west of the intersection of KY 57 and AA Highway south of 
Tollesboro, and extended to Station 1676+50. Mter construction was completed, the 
route was designated KY 546 and what was Section 19 now extends from, roughly, 
Milepoints 2. 7 to 6.1 .  
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The site lies in the Crab Orchard Formation of the Silurian Age (2). The native soil 
�---� t_y_pically_ciassjfiillUls_Ac:7-=:!iJf!!l�gmj!l�Q_§illY_flio!:V in the M�li_l'_Q_syste_I!!Jl�E;��ity,__---­
indices range from 29 to 37 and laboratory CBR values (ASTM D 1883-73(1978)) range 
from 1 to 3. Laboratory testing indicated the optimum moisture content of the untreated 
soil, typical of Section 19, ranged from 14 to 24 percent and dry density ranged from 96 
to 99 pounds per cubic foot. 
The pavement structure at this site consisted of 1 1  inches of bituminous concrete on 4 
inches of dense graded aggregate on the treated subgrade. No structural value was 
assigned to the treated subgrade in designing the pavement structure. The treated 
subgrade was considered a working platform for construction of the pavement. Traffic 
volume at the site has increased steadily since this section of KY 546 was opened to 
traffic. In 1992, the average daily traffic was 3,080. 
CONSTRUCTION 
Addition of hydrated lime to the subgrade was accomplished in two operations. Four 
percent lime was added to the top 6 inches of subgrade in the initial operation with 2 
percent additional lime added in a second operation. There was a 6 day mellowing period 
between the operations. Lime stabilization ofthe subgrade began on September 15, 1987 
at Station 1617+00 and proceeded down station to the beginning ofthe section at Station 
1495+00. The full cross section, including shoulders, was stabilized with work proceeding 
at a rate ranging from 1,800 to 3,300 feet per day. 
In cut areas where rock was encountered, grade was undercut by one foot and replaced 
with one foot of clay subgrade. The general procedure was to first scarify the top 6 
inches of subgrade with a road grader (Figure 2). ScarifYing was thorough and large 
rocks were removed by hand. An attempt was made to tow the lime spreader and scarifY 
simultaneously. This practice was abandoned when rocks in the scarified subgrade were 
hidden by lime and then prevented thorough mixing of the subgrade. Mter scarifYing 
and removal of the rocks, the hydrated lime was spread in sections up to 800 feet long 
across the full cross section to be treated (Figure 3). 
The lime was applied directly from the transporting trucks by use of a spreader pipe 
constructed of P.V.C. pipe. The truck was towed by a dozer or grader, and the truck 
motor was used to supply compressed air to the spreader. A 4-inch P.V.C. line ran 
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beneath the bottom of the lime tank and was connected to the spreader pipe at the center 
----�-�r:eeaaLrJ.JoLthaJ;ruck and extended�aP�Pro;Kim�ate!y�l.'iJ!ieJ to e�i!�l:t_sideJQLUQJ�aJ�re�li<leT�---­
length of 10 feet. The spreader pipe was a section of 8-inch P.V.C. pipe with 2-inch holes 
spaced 8 inches on center at the bottom (Figure 4). The lime was discharged at a 
pressure of 15 to 17 pounds per square inch, and the spreader was normally 18 to 20 
inches above the subgrade. 
Water was added to the subgrade before and throughout the m�ing process (Figure 5). 
M�ing was accomplished with tillers drawn by farm tractors (Figures 6 and 7). Mter 
thorough mixing (100 percent of soil particles passing the 1 inch and 60 percent passing 
the number 4 sieves), the subgrade was sealed by use of a steel drum static roller. The 
minimum passes of the roller to achieve a tight surface were used. The purpose of rolling 
the subgrade was to seal the surface and prevent the loss of water during hydration and 
to let surface water escape in case of rain. The soil-lime was allowed a 6 day mellowing 
period with water being periodically applied to the surface during the mellowing process. 
The final 2 percent lime was added in the same general manner as used for the 4 percent 
lime. The second operation began on September 21, 1987. Initial compaction of the soil­
lime m�ture was performed with a Catipillar 815 sheepsfoot static roller. Final 
compaction and surface smoothing were performed with an Ingersoll DA-50 vibrating 
roller. The overall rate of lime treatment averaged 2,780 feet per day. Figure 8 shows 
a typical operation with tractors in the foreground mixing the recently placed lime, 
followed by the sheepsfoot roller, vibratory roller, and a road grader for final shaping and 
smoothing. 
The completed lime treated subgrade was sealed with asphalt emulsion SS1h and allowed 
to cure seven days before pavement construction began. The final subgrade condition, 
prior to placement of dense-graded aggregate, is shown in Figure 9. 
Placement of the dense-graded aggregate on the treated subgrade began on October 5, 
1987 and placement of bituminous concrete pavement began on October 12, 1987. Lime 
treatment of the subgrade and construction of the pavement from Station 1617+00 to 
1676+50 was accomplished in 1988. 
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INVESTIGATION OF PAVEMENT RIDGES 
By late 1992, ridges or transverse humps had developed in the pavement of AA-19. In 
July of 1993, a visual survey of AA-19 identified three areas where ridges had developed. 
The three areas were at Milepoints 4.7, 5.6, and 5.95 and were all in cut cross sections. 
Because lime stabilization of subgrades has become common in Kentucky, and because 
AA-19 is the oldest lime stabilized subgrade of significant volume, an investigation of the 
causes of the ridges was undertaken. 
The investigation consisted of establishing four elevation monitoring grids and trenching 
of the pavement structure. Two grids were located in areas where ridges had occured 
(Milepoints 4.7 and 5.95), and two were located in areas where ridges were not obvious 
during casual inspection. Two exploratory trenches were excavated at Milepoint 4. 7. The 
trenches extended parallel to the centerline and were located on the pavement shoulder 
adjacent to the driving lane. 
Elevation monitoring grids were established by marking points on 2-foot intervals 
perpendicular to the centerline for a baseline. At two points on the baseline (one point 
in the eastbound and one in the westbound lanes), a line of points (profile line) was 
marked on 1-foot intervals for a distance of 76 feet. The profile lines at Milepoints 3.0 
and 4.7 were two feet and 14 feet from the south edge o(,pavement. At Milepoints 5.8 
and 5.95, the baselines began on the south shoulder 6 feet outside the pavement; 
therefore, the profile lines at 8 and 26 feet were in the eastbound and westbound lanes, 
respectively. Bench marks were established and referenced to provide vertical control, 
and the elevations of the marked points were determined. 
The two trenches were 12 feet long and were approximately centered at a ridge. One 
trench was excavated to hard shale (roughly 3 feet below the pavement surface) and the 
other was excavated to the top of the treated subgrade. Upon excavation, it was obvious 
that the treated subgrade was cracked both longitudinally and transversely. The cracks 
contained fine material which indicates the movement of water and fines through the 
treated subgrade. It was also obvious that the top 7 to 9 inches of the undisturbed shale 
had weathered to a soft green clay. The various layers (pavement, DGA, treated 
subgrade, untreated clay pad, and weathered shale) were clearly delineated by color and 
stiffness. 
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Elevation of points along the top of the pavement, treated layer, and weathered shale 
was-{lbtained, -'l'�-clata-w�re-acquir�o-deter-min�-wlumJ-t�aving-or-l'idge·��-� 
formation began. Apparently, the underlying shale has absorbed water. This has 
produced swelling with consequent cracks and ridges in the treated layer and ridges in 
the pavement surface. This is illustrated by the layer profiles taken at the trench and 
plotted in Figure 10. Figure 10 does not depict the true elevation but each profile is 
compared to a separate baseline and the elevation difference is plotted. The baseline for 
each profile was chosen so that the elevation diferences could be shown on an expanded 
scale. 
Initial monitoring point elevations were surveyed on July 20, 1993. These data reveal 
ridges approaching one inch at Milepoints 4. 7 and 5. 95. Elevations at Milepoints 3.0 and 
5.8 do not clearly indicate ridges but it appears that ridges of smaller magnitude may 
exist. Baseline and profile data are shown in Figures 1 1  through 22. Profile elevations 
are compared to an assumed slope. 
Block samples were recovered from the trench and various laboratory tests were 
conducted. Results of those tests are included in the Laboratory Testing section of this 
report. 
FIELD TESTING AND MONITORING 
Samples 
Samples for laboratory testing were obtained by three methods. Bag samples of the 
uncompacted subgrade were collected for remolding test specimens, thin wall tubes 
(shelby tubes) were used to obtain samples of the subgrade as soon as it was treated and 
compacted, and test samples were cored or sawn in 1993. Three thin-walled tube 
samples of the compacted untreated subgrade were obtained at Stations 1674+00 (2 
samples) and 1632+25. A total of 13 thin-walled tube samples of the compacted, lime­
treated subgrade were obtained between Stations 1555+00 and 1617+00. Bag samples 
of the uncompacted lime-soil mixture were obtained intermittently. During the 
investigation of ridges in the pavement in 1993, blocks of the lime treated subgrade were 
removed and cores and beams were taken from the blocks. Sample locations are 
presented in Table 1 .  Thin-walled tube samples tend to be fractured when removed from 
the tubes. 
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Deflection Testing. 
Deflection tests were conducted on various layers of the pavement structure as the layers 
were constructed. The entire length of the section was not tested for each layer but 
deflection data were obtained for untreated subgrade, treated subgrade, and bituminous 
pavement. Deflection data have been obtained on the pavement each year since 
completion. Testing was conducted with a Road Rater 400B through 1991 (3). Beginning 
in 1991,  deflection testing was conducted with a falling weight deflectometer. 
In 1987, Road Rater deflection tests were conducted on the fully treated subgrade at 250 
feet intervals in the four probable wheel paths from Station 1514+00 to 1539+00, and 
from Station 1563+76 to 1618+15. The same schedule was used in road rater tests of the 
untreated subgrade from Station 1656+00 to Station 1676+00. The untreated subgrade 
at the end of the section was again tested in April 1988. 
A 500-foot long-term pavement performance monitoring site (LTPP) was established in 
1989 in conjunction with another research study (KYHPR-86-1 15, "Laboratory and Field 
Evaluations and Correlations of Properties of Pavement Components"). The beginning 
and ending termini of this section are stations 1500+00 and 1505+00, respectively. This 
site has been tested annually at 25-foot intervals in both westbound and eastbound lanes. 
Deflection data were analyzed using a modulus back-calculation process developed by 
Scullion and Michalak (4). Deflection data obtained from tests performed directly on the 
treated and untreated subgrades in 1987 and 1988 indicated average moduli of 173,000 
psi for treated subgrade and 23,000 psi for untreated subgrade. Data from 1992 
(eastbound lanes) indicated an average moduli of 188,000 psi for treated and 8,000 psi 
for untreated subgrade. Data from 1993 (eastbound and westbound) indicated an 
average moduli of 142,000 psi for treated and 11,000 psi for untreated subgrade. 
Data from the LTPP site (1991 through 1993) were analyzed separately. The modulus 
for the untreated subgrade for 1991, 1992 and 1993 was determined to be 14,000 psi, 
12,000 psi, and 14,000 psi, respectively. The modulus for the treated subgrade for the 
same period was determined to be 127,000 psi, 123,000 psi, and 56,000 psi, respectively. 
The reason for the sudden drop in back-calculted modulus for the treated layer in 1993 
is presently not clear. This will be investigated later. 
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Rideability Index 
Rideability indices (RI) for this section were measured annually by the Kentucky 
Department of Highways begi�ning in 1990. RI were determined for both westbound and 
eastbound lanes. RI indices have decreased slightly each year but have remained at 3.0 
or greater through 1993 indicating a good pavement surface.  RI data are shown in Table 
2. 
Density and Moisture Content 
Density of the treated subgrade was monitored with a nuclear meter and ranged from 
86.2 percent to 95.2 percent of the laboratory maximum dry density of the subgrade prior 
to the addition of lime. Moisture contents ranged from 15.2 to 24.0 percent, and 
averaged 19.3 percent. Nuclear meter data are presented in Table 3. Moisture content 
of the treated subgrade and untreated subgrade was determined during field CBR tests 
and reported with the CBR data. 
Field CBR 
Field CBR tests were conducted on both the treated and untreated subgrade. This test 
is conducted in general accordance with ASTM D 1883 with the exceptions of being 
conducted in the field, and on material with in-situ moisture content and compaction. 
The exposed treated subgrade was tested in 1987, and after drilling through the 
pavement, again in 1989, 1990, and 1993. The end of Section 19 that was not treated 
was tested in 1987 and in April of 1988. The untreated subgrade was tested in 1989 and 
1993 after drilling through the pavement and treated subgrade. Moisture content and 
CBR values for all field CBR tests are shown in Tables 4 (treated subgrade) and 5 
(untreated subgrade). Any CBR values exceeding 100 percent of the standard stress are 
reported as 100. 
Treated Subgrade 
CBR values for the treated subgrade tested in 1987 ranged from 10 to 38 and averaged 
25. Moisture contents for this set of tests ranged from 16 to 30 percent and averaged 25 
percent. CBR values in 1989 ranged from 44 to 100 and averaged 87. Moisture contents 
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for the 1989 tests ranged from 23 to 29 percent and averaged 27 percent. CBR values 
- ��fitrihe�l99!Hest-s H!flged�fr-om-�to�100-an4awrng@�5S�J>isturaeontents1'or�seL __ _ 
of tests ranged from 24 to 34 percent and averaged 28 percent. CBR values in 1993 
ranged from 4 1  to 100 and averaged 75. Moisture contents for 1993 ranged from 26 to 
30 percent and averaged 28 percent. Results of field CBR and moisture content tests of 
the treated subgrade are shown in Figures 23, 24, and 25. 
Untreated Subgrade 
The untreated subgrade was initially tested in October 1987 after a dry summer. At that 
time, the moisture content ranged from 12 to 16 percent and averaged 13 percent. The 
CBR values ranged from 27 to 38 percent and averaged 29 percent. The following spring 
(April 1988), the moisture content ranged from 22 to 26 percent, averaged 24 percent, 
and CBR values ranged from 1 to 4 percent and averaged 2 percent. In 1989, four tests 
were conducted on the untreated subgrade with CBR values of 1, 2, 9, and 10. Moisture 
contents for these four tests averaged 24 percent. Tests conducted in 1993 indicated 
untreated CBR values of 1, 2, 3, and 5 with average moisture content of 26 percent. 
Results of field CBR and moisture content tests of the untreated subgrade are shown in 
Figures 26 through 28. 
Pulverization 
Particle size of the mixed treated subgrade was tested at five locations from Station 
1524+00 to Station 1593+00. The subgrade samples were obtained two days after final 
mixing and compaction. At all locations, 100 percent passed the l-inch screen and more 
than 60 percent passed the Number 4 screen. 
Depth of Treatment 
When the thin-walled tube samples were extruded for laboratory testing it became 
apparent the subgrade was not treated to the desired depth. A visual inspection usually 
was sufficient to determine the depth of lime treatment; however, a chemical test was 
used for verification. The lime treated subgrade becomes lighter in color and brittle when 
compared to the untreated subgrade. A solution of phenolphthalein, an acid-base 
indicator, was used to locate lime-treated (low pH) soil. The solution turns red in the 
presence of a low pH substance. 
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Field tests were conducted by extracting a sample and applying the chemical solution. 
����·1J'h�r�mplerwas driven slightly-moftdhtur6�inclte!Hnt-the-�e��-so�ug ����� 
approximately 0.75 inch in diameter was extracted (Figures 29 and 30). The sampler 
was equipped with a cutting �ip and extracted the samples with very little compaction 
or displacement of the soil. To verifY treatment depth, personnel from this agency, along 
with inspection personnel, met in the field and tested the subgrade. Five tests were 
conducted with depths of treatment ranging from 2.0 to 6.0 inches, and averaging 3.7 
inches. Only one sample, including the field tests and thin-walled tube samples, 
indicated 6 inches of treatment. 
Three test pits were dug between Stations 1500+00 and 1560+00 and the sides were 
scraped laterally. Visual inspection of these pits indicated treatment depths of 2.25, 2.5, 
and 3.5 inches. These results are listed in Table 6. 
LABORATORY TESTING 
Laboratory testing consisted of repeated-load, permeability, unconfined compression, 
flexural strength, and freeze-thaw tests. The first test samples were remolded from bag 
samples to the completed subgrade conditions. The samples were obtained after the final 
mixing but prior to compaction. Moisture content of the bag samples was 24.7 percent. 
Other samples, such as field CBR and thin-walled tube samples, confirm this moisture 
content. The samples were compacted with a target dry density of 92.5 pounds per cubic 
foot. A list of remolded samples and the test conducted on each sample is included in 
Table 7. The remolded samples were used for testing because the shallow depth of 
treatment did not allow sufficient sample length for proper sample dimensions as 
required by standardized laboratory tests. Also, thin-walled tube samples were too 
brittle and fractured to be trimmed to smaller dimensions and coring did not work well 
until the treated subgrade had cured much longer. 
Samples cored and sawed from blocks of treated subgrade recovered in the 1993 
investigation of the ridges were used for the flexural strength, permeability, and more 
recent unconfmed compression testing. 
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Unconfined Compression Testing 
Unconfined compression tests were conducted on remolded and cored samples. Six 
remolded samples were tested_ at curing times of 1, 7, and 14 days. The cored samples 
were cured for approximately 2,130 days before testing. 
Six unconfined compression tests were conducted on remolded samples at different curing 
times. Samples 6 and 8 (cured 1 day) yielded peak failure stresses of 87 and 8 1  psi., 
respectively, and failure strains of 1.62 percent and 1.66 percent, respectively. Samples 
11 and 12, (cured 7 days) yielded peak failure stresses of 48 and 70 psi. and failure 
strains of 1.62 percent and 1.91 percent, respectively. Samples 4 and 5 (cured 15 days) 
yielded peak failure stresses of 66 and 54 psi., respectively, and failure strains of 1 .17 
percent and 1.03 percent, respectively. Stress versus strain plots for these tests are 
shown in Figures 31, 32, and 33. 
The remolded sample ends were not exactly parallel. As the lime-soil samples cure, they 
tend to become less elastic. Samples cured 7 and 15 days, in some cases, chipped or 
scaled at the point where the loading head and sample were in contact. It is probable 
this is the reason for lower strength values for samples cured at longer times. In later 
testing, this problem was addressed by capping the sample ends. 
Five cored samples were tested in unconfined compression. Three samples were tested 
at in-situ moisture content and two were tested at saturated conditions. These samples 
were cored from the treated subgrade and had cured approximately 2,130 days. 
Unconfined compressive strength of the in-situ moisture content samples was 550 psi, 
560 psi, and 615 psi. The saturated samples were first used for permeability tests and 
yielded strengths of322 psi and 395 psi. in unconfined compression. Stress versus strain 
relationships for the unconfined compression tests of cored samples (cured 2,130 days) 
are shown in Figure 34. 
Unconfined Repeated-load Testing 
Unconfined repeated-load tests were performed on remolded Samples 3 and 13 and on 
two cored samples. The remolded samples were performed through approximately 5,000 
cycles with loads of 63 pounds per square inch for Sample 3, and 58 pounds per square 
inch for sample 13. Test cycle configuration was a frequency of one hertz with 0.5 second 
loaded and 0.5 second unloaded. Moduli for these samples were 60,267 pounds per 
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square inch for sample 3 and 61,253 pounds per square inch for sample 13. Permanent 
���,;train <tt-4,4{){}�eyele&�was-O.G0231� .chlinchJoo: sample_3_an�Jl.nDA7linchLin.�ch�for,__�� 
sample 13. Sample 13 was loaded at the test load only, while sample 3 was run through 
incremental loads up to the test load. 
The cored samples were tested at various stress levels with little change in resilient 
modulus. The resilient modulus for these two samples was 225,000 psi and 675,000 psi. 
Again, it should be noted that remolded samples were cured for 15 days while the much 
stiffer cored samples were cured some 2,100 days. 
Permeability 
Permeability of the treated subgrade was determined by testing two of the cored samples. 
The falling head test method developed by the Army Corp of Engineers (6,7) was used. 
Permeability of the two samples was 1.32 x 10·6 and 1.53 x 10·6• 
Flexural Strength 
Treated subgrade beams, approximately 3.5 inches square by 12 inches in length, were 
sawn from the blocks retrieved from the trenching investigation. These beams were 
tested for flexural strength using ASTM C293-79 (Simple Beam With Center-Point 
Loading). Two beams were tested yielding rupture moduli of 22 psi and 40 psi. 
Freeze-Thaw Tests 
Six samples were tested in freeze-thaw. Samples 7 and 9 (cured 1 day), Samples 10 and 
14 (cured 7 days), and Samples 1 and 2 (cured 14 days) were tested using the test 
method ASTM D 560 - 82. The test was changed slightly in that the samples were 
brushed lightly, not firmly, with a wire brush. Volume change ranged from 0.90 to 2.07 
percent and averaged 1.52 percent. There was no apparent difference between samples 
of different curing time. Most weathering occurred at the planes between lifts or layers 
of the remolded samples. Freeze-thaw data are presented in Table 8. 
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PROBLEMS 
Air pollution of the surrounding_ area was a problem. A slight wind carried the 
suspended lime several thousand feet in a concentration sufficient to noticeably reduce 
sight distance (Figure 34). This problem was alleviated by suspending the placement or 
mixing of lime when wind velocity was higher. The amount of lime in the air might be 
reduce by lowering the discharge pressure and the height of the spreader. Subsequent 
to this project, lime has typically been applied to the subgrade in a slurry form thus 
alleviating this problem. 
Several spreader pipes were broken, usually at the 4-inch angles or coupling. This was 
not a significant problem on this job because spreader pipes were readily available. This 
problem might be alleviated by a reduction of discharge pressure. 
Another possible problem was the quality of the mix in areas where the scarifying was 
not performed in advance and the larger rocks were not removed. When a tiller 
encountered a rock it would bounce. When this situation was obvious, the rocks would 
usually be removed, often by the tractor operator. The areas where the tiller bounced 
out of the subgrade may not have been thoroughly mixed. 
Allowances were not made for the volume change in the subgrade with the addition of 
lime. Grade stakes set after the lime addition was completed were up to 2 inches below 
the subgrade surface. The elevated grade was accepted with adjustments at intersections 
and structures. 
The depth of lime treated subgrade was insufficient. There was no monitoring of the 
depth of treatment until the addition of lime procedure was completed. 
By 1992, significant transverse ridges had developed in several areas of Section 19. The 
three areas exhibiting the most significant ridges are at Milepoints 4.6, 5.6 and 5.95. 
Each of these areas is several hundred feet in length and is in a cut section. The ridges 
are nearly perpendicular to the centerline and occur at approximately 10-foot intervals. 
Higher ridges generally occur at 20- or 40-foot intervals with lesser ridges at the 10-foot 
points. Initial monitoring point elevations were surveyed on July 20, 1993. These data 
reveal ridges approaching one inch at stations 4.7 and 5.95. Elevations at Milepoints 3.0 
and 5.8 do not clearly indicate ridges but it appears that ridges of smaller magnitude 
exist. 
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Engineering properties of the clay subgrade at Section 19 of the AA Highway were 
dramatically improved with the addition of hydrated lime. In the short-term 
(construction traffic), the bearing capacity of the subgrade was increased to a level 
sufficient to insure a good working platform for construction of the pavement. Even at 
the post-mixing moisture content of 25 percent, the treated subgrade had no CBR lower 
than 10 and averaged 25. 
An indication of the desirability of the treatment was that untreated subgrade CBR 
decreased from 29 at a well compacted, dry condition to 2 at a moisture content near to 
but lower than the treated subgrade. Experience has shown that the subgrade will 
increase in moisture content after the pavement is in place. As the treated subgrade 
ages, CBR, unconfined compressive strength, and resilient modulus continue to increase. 
The underlying untreated subgrade quickly decreased in bearing capacity and maintains 
that undesirable condition. 
Several problems were encountered in this project. The mixed compacted subgrade was 
higher than the design grade elevation, depth of treatment was typically 3 to 4 inches 
rather than the design depth of 6 inches, air borne lime caused some problems with 
visibility for nearby traffic and for a nearby school, and significant ridging of the 
pavement has developed in some areas after 4 or 5 years. The ridging is currently being 
investigated to determine the cause, but preliminary observations appear to indicate that 
swell of the underlying shale bedrock and possibly the untreated clay pad created 
sufficient pressure to crack the rigid treated subgrade. The swell index of the Crab 
Orchard shale (2) of 29 psi. was greater than one of the cored samples rupture modulus 
of 22 psi. 
As a result of this effort, the Special Note for this procedure has been revised. The 
problems associated with this initial effort has been alleviated with resulting 
clarifications. With the new Special Note, subsequent treatment efforts produce better 
indications of the quality of the equipment and procedures. Appendix A contains a copy 
of the Special Notes for this job. Appendix B contains a copy of the Special Notes as 
revised after this job. 
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Deflection test data (FWD and Road Rater) indicated much higher moduli for treated 
____ SJ:I_I:Jgr_!\_cle_i_!�fi&Qg_t_o�!?§2000 p�i.) than untreated subgrade (10,000 to 20,000 psi.). A 
significant decrease occured in the treated moduli in 1993. It is possible--that the� 
cracking of the treated layer associated with pavement ridging or other causes is 
reflected in the deflection test results. 
RECOMMENDATIONS 
Observation of construction practices involving the dry application of hydrated lime 
indicate that slurry application should be used where possible, but dry application is 
acceptable except under windy conditions or in urban areas. 
The treated subgrade exhibited enhanced performance but several changes are 
recommended. Depth of treatment should be monitored as soon as possible, especially 
when tillers are used for mixing. Mixing equipment should be required to demonstrate 
ability to produce desired gradation and depth of treatment. 
Experience on construction projects subsequent to the AA Highway indicates that 
maintaining grade tolerances, without trimming away the treated subgrade, during and 
after mixing continues to be a problem in some cases. The volume change during mixing 
and swell after mixing appears to vary significantly with soil type. Identification and 
quantification of these conditions would facilitate construction oflime treated subgrades. 
Lime treated subgrade may exhibit more rigid behavior than an untreated subgrade and 
behave as a weak slab. Therefore, cracks in the treated subgrade, whether from swell 
or other causes, may be reflected in the pavement. Existing pavements having lime 
treated subgrades should be monitored for development of ridges or cracks. 
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FIGURE 1. Section 19 of the AA Highway in Lewis County, Kentucky 
Figure 2. Scarifying Subgrade Prior to Addition of Lime. 
Figure 3. Spreading Lime on Scarified Subgrade. 
18 
Figure 4. Lime Spreading Mechanism. 
Figure 5. Addition of Water to Lime and Subgrade. 
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Figure 6. Mixing of Lime and Soil with Tillers. 
Figure 7. Mixing of Lime and Soil with Tillers. 
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Figure 8. Complete Mixing and Compaction Operation. 
Figure 9. Final Condition of Treated Subgrade Prior to Placement 
of Dense Graded Aggregate. 
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Figure 11. Baseline Elevation (Surface Cross-Section) at Milepoint 
3.0. 
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Figure 12. Pavement Profile at Milepoint 3.0 - 2 Feet on Baseline. 
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Figure 13. Pavement Profile at Milepoint 3.0 - 14 Feet on Baseline. 
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Figure 14. Baseline Elevation (Surface Cross Section) at Milepoint 
4.7. 
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Figure 15. Pavement Profile at Milepoint 4.7 - 2 Feet on Baseline. 
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Figure 16. Pavement Profile at Milepoint 4.7 - 14 Feet on Baseline. 
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Figure 17. Baseline Elevation (Surface Cross Section) at Milepoint 
5.8. 
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Figure 18. Pavement Profile at Milepoint 5.8 - 8 Feet on Baseline. 
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Figure 19. Pavement Profile at Milepoint 5.8 - 26 Feet on Baseline. 
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5.95. 
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Figure 21. Pavement Profile at Milepoint 5.95 - 8 Feet on Baseline. 
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Versus Time. 
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Figure 25. Field CBR of Treated Subgrade Versus Time. 
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Time. 
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Figure 27. Moisture Content Versus Time for Untreated Subgrade. 
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Subgrade. 
Figure 29. Sample Recovered for Depth of Treatment 
Determination. 
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Figure 30. Sample Recovered for Depth of Treatment Determination. 
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Figure 31. Stress-Strain Plots for Unconfined Compression Tests of Treated 
Sub grade Cured 1 Day. 
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Figure 32. Stress-Strain Plots for Unconfined Compression Tests 
of Treated Subgrade Cured 7 Days. 
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Figure 33. Stress-Strain Plots for Unconfined Compression Tests 
of Treated Subgrade Cured 15 Days. 
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Figure 34. Stress - strain Plots for Unconfined Compression Tests of Treated Subgrade 
Cured 2,130 Days. 
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TABLE 1.  THIN-WALLED TUBE SAMPLES 
SAMPLE FINAL MIX SAMPLE 
NUMBER STATION LOCATION DATE DATE 
1 1617+00 cl 9-21-87 9-22-87 
2 1612+00 cl 9-21-87 9-22-87 
3 1607+00 cl 9-21-87 9-22-87 
04 1602+00 cl 9-21-87 9-22-87 
5 1597+00 cl 9-21-87 9-22-87 
6 1592+00 cl 9-22-87 9-22-87 
7* 1674+00 L-15' . .  9-22-87 
8* 1674+00 L-15' 9-22-87 
9* 1632+25 cl 9-22-87 
1B 1555+00 L-3' 9-22-87 9-25-87 
2B 1565+00 cl 9-22-87 9-25-87 
3B 1575+00 cl 9-22-87 9-25-87 
4B 1585+00 R-3' 9-22-87 9-25-87 
5B 1595+00 cl 9-21-87 9-25-87 
6B 1605+00 L-3' 9-21-87 9-25-87 
7B 1615+00 cl 9-21-87 9-25-87 
NOTE: * designates samples obtained within unt reated ar ea. 
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TABLE 2.  RIDEABILITY INDICES FOR AA-19. 
Date 1990 1991 1992 
East Bound 3.31 3.24 3.10 
West Bound 3 .14 3.13 3.00 
TABLE 3. NUCLEAR DENSITY TESTS 
PERCENT OF 
ACTUAL ACTUAL STANDARD 
WATER DENSITY COMPACTION 
DATE LOCATION (%) (pcf) (%) 
9-25-87 1563+00 RT 16.3 94.9 88.3 
9-25-87 1554+00 LT 24.0 95.6 90.0 
9-25-87 1544+00 RT 19.1 99.2 92.4 
9-23-87 1524+00 LT 18.2 105.9 98.6 
9-22-87 1593+00 RT 17.5 99. 1  92.2 
9-22-87 1583+00 LT 20.2 101.9 94.8 
9-22-87 1573+00 RT 18.9 98.5 91.7 
9-22-87 1563+00 LT 15.2 97.4 90.6 
9-24-87 1613+00 RT 17.4 99.4 95.0 
9-24-87 1603+00 LT 21.2 102.2 95.2 
10-01-87 1643+00 LT 18.6 96.3 89.6 
10-01-87 1633+00 RT 23.0 96.9 90.2 
10-01-87 1623+00 LT 21.2 92.6 86.2 
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TABLE 4. CBR AND CLEGG HAMMER DATA FOR TREATED SUBGRADE 
MOISTURE CLEGG 
CONTENT HAMMER CLEGG 
DATE STATION CBR (%) READING CBR 
--------- ----
1535+00 9-30-87 17 �D.U LL 0 
9-30-87 1525+00 23 21.1 18 23 
9-30-87 1515+00 23 26.1 15 16 
9-30-87 1505+00 25 27.0 14 14 
9-30-87 1495+00 10 20.7 7 3 
9-30-87 1585+00 15 29.1 11 8 
9-30-87 1575+00 33 29.2 19 25 
9-30-87 1565+00 20 19.7 15 16 
9-30-87 1555+00 19 29.5 14 14 
9-30-87 1545+00 38 25.5 23 37 
9-30-87 1615+00 33 29.6 17 20 
9-30-87 1605+00 33 25.6 19 25 
9-30-87 1595+00 33 15.7 23 37 
1989 1524+15 44 24.8 
1989 1558+50 100 27.5 
1989 1558+50 92 28.9 
1989 ? 99 28.5 
1989 ? 100 23.2 
1990 1627+00 47 27.6 
1990 1553+00 60 33.5 
1990 1613+90 22 24.2 
1990 1616+00 100 27.3 
5-5-93 MP 3.30 WB 58 25.8 
5-5-93 MP 5.80 EB 41 29.5 
5-5-93 MP 3.95 EB 100 26.2 
5-5-93 MP 5.20 WB 100 27.8 
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TABLE 5. CBR AND CLEGG HAMMER DATA FOR UNTREATED SUBGRADE 
MOISTURE CLEGG 
CONTENT HAMMER CLEGG 
DAT-E r-ST-ATION CBR _{<5,J REAIJING CBR -
10-9-87 1675+00 31 13 23 37 
10-9-87 1672+50 38 12 19 25 
10-9-87 1670+00 27 12 
10-9-87 1667+50 27 12 
10-9-87 1662+50 27 12 
10-9-87 1657+50 27 13 
10-9-87 1655+00 29 16 
1987 1667+50 RWP 27 12 
1987 1672+50 RWP 38 12 
1987 1670+00 CL 27 12 
1987 1675+00 CL 31 13 
1987 1662+50 RWP 27 12 
1987 1657+50 RWP 27 13 
1987 1655+00 RWP 29 16 
1988 1675+00 RWP 2 22 
1988 1667+50 RWP 2 26 
1988 1670+00 CL 4 22 
1988 1662+50 RWP 1 26 
1988 1657+50 RWP 1 25 
1988 1652+50 RWP 1 24 
1988 1672+50 RWP 2 26 
1989 1524+00 2 26 
1989 1524+45 10 25 
1989 ? 1 26 
1989 ? 9 20 
5-5-93 MP 5.2 WB 2 30 
5-5-93 MP 3.95 EB 3 24 
5-5-93 MP 3.3 WB 1 26 
5-5-93 MP 5.8 EB 5 26 
38 
TABLE 6.  DEPTH OF TREATMENT 
THIN-WALLED TUBE SAMPLES 
"TREK'l'ED 
SAMPLE DEPTH 
NO. LOCATION STATION (inch) 
1B L 1555+00 3.25 
2B CL 1565+00 3.50 
3B CL 1575+00 4.00 
4B R 1585+00 3.50 
5B CL 1595+00 4.00 
6B L 1605+00 4.00 
7B CL 1615+00 4.00 
6 CL 1592+00 3.50 
FIELD SAMPLES 
TREATED 
SAMPLE DEPTH 
NO. LOCATION STATION (inch) 
1500+00 4.75 
1526+00 3.50 
1560+00 2.00 
1559+00 2.00 
1623+00 6.00 
3 PITS BETWEEN STATION 1500+00 AND STATION 1560+00. 
VISUAL OBSERVATION - 2.25 - 3.50 INCHES. 
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TABLE 7. REMOLDED SAMPLES - 6% LIME - SUBGRADE 
AVERAGE AVERAGE INITIAL -·----------·�---
SAMPLE (MOLDED) TYPE OF (TESTED) HEIGHT DIAMETER WEIGHT 
NO. DATE TEST DATE (in.) (in.) (gms) 
1 1-13-88 F-T * 1-27-88 5.981 2.8 1066.4 
2 1-13-88 F-T 1-27-88 5.992 2.8 1063.6 
3 1-13-88 R.L. ** 1-29-88 5.957 2.8 1068.8 
4 1-18-88 uc *** 2-02-88 5.920 2.8 1062.9 
5 1-18-88 uc 2-02-88 5.961 2.8 1072.7 
6 2-01-88 uc 2-02-88 5.947 2.8 1072.5 
7 2-01-88 F-T 2-02-88 5.960 2.8 1071.2 
8 2-01-88 uc 2-02-88 5.953 2.8 1078.6 
9 2-01-88 F-T 2-02-88 5.962 2.8 1064.0 
10 2-01-88 F-T 2-08-88 5.965 2.8 1065.0 
1 1  2-01-88 uc 2-08-88 5.967 2.8 1066.8 
12 2-01-88 uc 2-08-88 5.971 2.8 1075.2 
13 2-01-88 R.L. 2-16-88 5.925 2.8 1075.5 
14 2-01-88 F-T 2-08-88 5.968 2.8 1070.8 
� 1''-'1' - 1''1  -THAW 
** R.L. - REPEATED - LOAD 
*** UC - UNCONFINED - COMPRESSION 
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TABLE 8. FREEZE-THAW TEST DATA 
(12 CYCLES) 
Sample Curing Time Material Loss 
Number (days) (%) 
1 14 2.07 
2 14 1.56 
7 1 1.77 
9 1 1 .17 
10 7 0.90 
14 7 1.67 
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APPENDIX A 
Special Note for Lime Roadbed Stabilization 
for the AA-19 Project. 
SPECIAL NOTE FOR 
LIME ROADBED STABILIZATION 
�������,EXPE�ENTALI 
I. DESCRIPTION 
This work shall consist of roadbed stabilization constructed by uniformly 
mixing hydrated lime with the roadbed soil, and the resulting mixture moistened and 
compacted to the lines, grades, thicknesses, and cross sections as specified int he 
contract. Section references herein are to the Department's Standard Specifications 
for Road and Bride Construction. 
II. MATERIALS 
Hydrated lime shall meet the requirements of AASHTO M 216 for Type I. 
Lime shall be handled and stored in moisture resistant containers until immediately 
before being transported to the site of the work. Storage bins shall be completely 
enclosed. Bagged lime shall be stored in weatherproof buildings with adequate 
protection from ground dampness. 
Quantities have been calculated based on the use of Type I, Grade A hydrated 
lime. If Grade B or C lime is furnished, the quantity applied shall be increased as 
follows: Grade B 6%, Grade C 20%. These increased quantities shall be at no 
additional cost to the Department. 
The Contractor shall advise the Engineer of the source of the hydrated lime 
sufficiently in advance for the material to be sampled and tested before stabilization 
work begins. The manufacturer shall advise which grade will be furnished. Once 
approved, the same grade material shall be furnished throughout the project unless a 
change in grade is approved in writing by the Engineer. The Engineer may take 
samples at the source or on the project during the course of the work. Any material 
not meeting specification requirements will be rejected. 
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Bituminous material for the curing seal shall be either RS-1, AE-60, SS-1, SS-
1h, CRS-1 ,  Css-1, Css-1h, or primer L, and shall meet the requirements of Section 
806. 
Water shall be obtained from a source approved by the Engineer. 
III. CONSTRUCTION REQUIREMENTS 
A. General. Equipment and construction methods shall be as specified on 
Sections 304.03 through 304.13 for portland cement base stabilization, with exceptions 
and additions as specified herein. 
The characteristics of the soils actually encountered in the subgrade may affect 
the quantity of lime necessary or desirable. The Department reserves the right to 
increase of decrease the quantity of hydrated lime used, if deemed necessary by the 
Engineer. 
Any lime that has been exposed to the open air for a period of 6 hours or more 
will not be accepted for payment. 
Lime (dry) shall not be applied during periods of high winds which cause 
excessive loss of lime. 
No traffic or equipment shall be permitted on the spread lime other than that 
required for spreading, watering, or mixing. 
The hydrated lime shall be prepared, transported, distiibuted, and mixed with 
the soil in a manner that will not cause injury, damage, discomfort, or inconvenience 
to individuals or property. 
B .  Application of Lime. Unless otherwise specified, the lime may be spread 
dry or as slurry, at the Contractor's option. 
(1) Dry Application: Hydrated lime shall be spread at the required rate by 
means of an approved spreader which will uniformly distribute the material without 
excessive loss, or by bag distribution. 
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(2) Slurry Application: Hydrated lime shall be mixed with water in approved 
agitating equipment and applied as a thin slurry, through approved distributing 
���.eqmpmenr:�"Tne�distnoutonmrrll�b�r"FqUipped to pr ov iw1:D!ri±nuous�agit"ftiio-n�Hhe 
mixture from the mixing site until applied to the roadbed. The proportion of lime 
shall be such that the dry solids content, by weight, will be at least 30%. 
C. Mixing 
(1) Primary Mixing: Two-thirds of the specified quantity of lime shall be 
spread and immediately thoroughly mixed into the soil for the full depth of treatment. 
Water shall be added to the mixture so the moisture content is no less than optimum, 
nor inore than optimum plus 5%. The primary mixing operation shall be completed 
within 4 hours after application of lime. At this time, the result shall be a 
homogeneous, friable mixture of soil and lime, free from clods or lumps exceeding 2 
inches in size. 
Mter primary mixing, the lime treated layer shall be shaped to the 
approximate section and lightly compacted to minimize evaporation loss. The surface 
shall be crowned so as to properly drain. 
(2) Preliminary Curing (mellowing): Following primary mixing, the stabilized 
layer shall be allowed to cure for at least 48 hours, to permit lime and water to break 
down or mellow the clay clods. The characteristics of the soil, temperature, and 
rainfall may influence the curing period necessary. The actual curing time shall be a 
determined by the Engineer, and final mixing and pulverizing shall not be performed 
until permitted by the Engineer. During preliminary curing, the surface of the 
material shall be kept moist to prevent drying and cracking. 
(3) Final Mixing and Pulverizing: Immediately after completion of the 
preliminary curing, the remaining one-third of the lime shall be spread and the 
stabilized layer shall again be completely mixed and pulverized to the full depth of 
stabilization. Final mixing shall continue until all clods are broken down so the 
100%, exclusive of rock particles, will pass a one-inch sieve and at least 60% will pass 
a No. 4 sieve. Additional water shall be added if necessary to raise the moisture 
content before compaction. 
The stabilized roadbed shall be maintained a specified in Section 304.14. 
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IV. METHOD OF MEASUREMENT 
Hydrated Lime will be measured in tons for the lime actually incorporated into 
the completed work, if Grade A is used. If Grade B or C is furnished, the quantity 
applied will be adjusted using the percentages specified in Section II so the final pay 
quantity is the equivalent quantity of Grade A material. 
All water used will be considered incidental to the work and will not be 
measured for payment. 
The stabilized subgrade will be measured in square yards in accordance with 
the requirements of Section 109. 
Bituminous material for the curing seal will be weighed in accordance with 
Section 109. 
V. BASIS OF PAYMENT 
The accepted quantities of hydrated lime will be paid for at the contract unit 
price per ton, the accepted quantities of stabilized roadbed will be paid for at the 
contract unit price per square yard, and the accepted quantities of bituminous curing 
seal will be paid for at the contract unit price per ton, which payment shall be full 
compensation for all labor, equipment, materials, and incidentals necessary to 
complete the work as specified in the contract. 
Payment will be made under: 
PAY ITEM 
Hydrated Lime 
Lime Stabilized Roadbed 
Bituminous Curing Seal 
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PAY UNIT 
Ton 
Square Yard 
Ton 
June 18, 1986 
APPENDIX B 
Special Note for Lime Roadbed Stabilization 
as Revized after AA-19. 
SPECIAL NOTE FOR 
----�:;rME-ROABBEB-8TA:BIUZ:ATION------- -
I. BESCRIPTION 
This work shall consist of roadbed stabilization constructed by uniformly 
mixing lime with the roadbed soil, and the resulting mixture moistened and 
compacted to the lines, grades, thicknesses, and cross sections as specified in the 
contract. Section references herein are to the Bepartment's Standard Specifications 
for Road and Bridge Construction. 
II. MATERI:ALS 
A Lime. Lime shall meet the requirements of AA.SHTO M 216. Lime shall 
be handled and stored in moisture resistant containers until immediately before being 
transported to the site of the work. Storage bins shall be completely enclosed. 
Bagged lime shall be stored in weatherproof buildings with adequate protection from 
ground dampness. 
The Contractor shall advise the Engineer of the source of lime sufficiently in 
advance for the material to be sampled and tested before stabilization work begins. 
The Engineer may take samples at the source or on the project during the course of 
the work. :Any material not meeting specification requirements will be rejected. Lime 
of different types or sources may be used on different portions of the work. but shall 
not be mixed. 
The lime manufacturer shall advise the Contractor of appropriate preventative 
and protective measures that should be exercised by those working with this material. 
C. Bituminous Curing Seal. Bituminous material for the curing seal shall be 
either RS-1, :AE-60, SS-1, SS-1h, CRS-1, CSS-1, Css-lh, or primer L, and shall meet 
the requirements of Section 806. 
B. Water. Water shall be obtained from a source approved by the Engineer. 
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III. CONSTRUCTION REQUIREMENTS 
A. Temperature and Weather Limitations. No lime stabilization shall be 
performed between October 15 and March 15, without written permission. No lime 
shall be applied unless the abient air temperature is at least 40"F in the shade and 
rising. 
B. Equipment. Any machine, combination of machines, or equipment which 
will produce a completed stabilized roadbed meeting all requirements of this 
specification may be used, except final pulverizing and mixing shall be performed by 
machines specifically designed for this purpose. All equipment necessary for the 
satisfactory performance of this work shall be on the project before work will be 
permitted to begin. 
C. Preparation of Existing Roadway. Before proceeding with other 
construction operations, the roadway shall be graded and shaped to conform to the 
grades, lines, and cross section required for the completed roadway. 
The elevation of the subgrade before stabilization shall be approved by the 
Engineer to allow for anticipated volume increase when the lime is added. The 
subgrade shall conform to the +1- 1/2 inch tolerance specified in Section 208.03 both 
before and after stabilization. After stabilization, the Engineer may make such minor 
adjustments in plan grades as he deems necessary. 
D. Application of Lime. The contract quantity and rate of application are 
based on use of hydrated lime. If quicklime is furnished, the rate of application shall 
be reduced to 80% of the specified rate. The characteristics of the soils actually 
encountered in the subgrade may affect the quantity of lime necessary or desirable. 
The Department reserves the right to increase or decrease the quantity of lime used, 
as deemed necessary by the Engineer. 
Any lime that has been exposed to the open air for a period of 6 hours or more 
will not be accepted for payment. 
No traffic or equipment shall be permitted on the spread lime other than that 
required for spreading, watering, or mixing. 
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The lime shall be prepared, transported, distributed, and mixed with the soil 
in a manner that will not cause injury, damage, discomfort, or inconvenience to 
individuals or property. 
Unless otherwise specified, the lime may be spread dry or as slurry, at the 
Contractor's option. 
(1) Dry Application: Lime shall be spread at the required rate by means of an 
approved spreader which will uniformly distribute the material without excessive loss, 
or by bag distribution. Dry Lime shall not be applied during periods of high winds 
which cause excessive loss of lime. 
(2) Slurry Application: When hydrated lime is furnished, it shall be mixed 
with water in approved agitating equipment and applied as a thin slurry, through 
approved distributing equipment. The distributor shall be equipped to provide 
continuous agitation of the mixture from the mixing site until applied to the roadbed. 
The proportion of lime shall be such that the dry solids content, by weight, will be at 
least 30%. 
If the Contractor elects to produce a slurry by slaking quicklime in special 
equipment on the project, all equipment and procedures shall be approved by the 
Engineer. 
C.  Mixing 
(1) Test Section. When mixing begins. the Contractor shall construct a test 
section at least 100 feet long and one traffic lane wide, to demonstrate the 
acceptability of his equipment and methods, and to provide a check on resulting finish 
grade elevation. Changes in equipment or methods. or the initial grade elevations, 
shall be made as needed based on results of the test section. If changes in methods or 
equipment are made during the project additional test sections shall be constructed 
when directed by the Engineer. 
(2) Primary Mixing: Two-thirds of the specified quantity of lime shall be 
spread and immediately thoroughly mixed into the soil for the full depth of treatment. 
Water shall be added to the mixture so the moisture content is no less than optimum, 
nor more than optimum plus 5%. The primary mixing operation shall be completed 
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within 4 hours after application of lime. At this time, the result shall be a 
homogeneous, friable mixture of soil and lime, free from clods or lumps exceeding 2 
Mter primary mixing, the lime treated layer shall be shaped to the 
approximate section and lightly compacted to minimize evaporation loss. The surface 
shall be crowned so as to properly drain. 
(3) Preliminary Curing (mellowing): Following primary mixing, the stabilized 
layer shall be allowed to cure for at least 48 hours, to permit lime and water to break 
down or mellow the clay clods. The characteristics of the soil, temperature, and 
rainfall may influence the curing period necessary. The actual curing time shall be as 
determined by the Engineer, and final mixing and pulverizing shall not be performed 
until permitted by the Engineer. During preliminary curing, the surface of the 
material shall be kept moist to prevent drying and cracking. 
(4) Final Mixing and Pulverizing: Immediately after completion of the 
preliminary curing, the remaining one-third of the lime shall be spread and the 
stabilized layer shall again be completely mixed and pulverized to the full depth of 
stabilization. Final mixing shall continue until all clods are broken down so that 
100%, exclusive of rock particles, will pass a one-inch sieve and at least 60% will pass 
a No. 4 sieve. Additional water shall be added as necessary to maintain the specified 
moisture content. 
D.  Compaction and Surface Finish. 
Prior to the beginning of compaction, and as a continuation of the mixing 
operations, the mixture shall be thoroughly loosened to its full depth. The mixture 
shall then be uniformly compacted for its full depth, to the specified density. Sheep's 
foot rollers will be required for beginning compaction if the depth of treatment exceeds 
8 inches. During compaction, the surface of the stabilized roadbed shall be reshaped 
to the approximate crown and grade. Vibratory compaction equipment shall not be 
used after the day the stabilized soil is finally compacted, to avoid destroying the 
developing bonds within the treated layer. 
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The mixture shall be compacted to at least 90 percent of the maximum density 
obtained by KM 64-511.  Density determinations will be made in the field by KM 64-
�·�·�···� ���512-or�by�nucleargages.--NucTear dens1fy machmes shalloecahbrateaa ir.ycr.��������� 
Mter the mixture is compacted, the surface of the roadbed shall be reshaped, 
at optimum moisture, to the required lines, grades, and cross section. 
The moisture content of the material must be maintained at no less than its 
specified optimum nor more than 5% over optimum during all finishing operations. 
The surface compaction and finishing for the specified width of stabilized roadbed 
shall be done in a manner to produce a smooth, closely-knit surface, free of cracks, 
ridges, or loose material; and the finished surface shall conform to the required crown, 
grade, and line. 
The density of all the stabilized roadbed will be determined by the Engineer 
each day. Any portion of the roadway which does not meet the specified density shall 
be reconstructed the same day to meet these specifications. 
The average compacted thickness of stabilized roadbed constructed during one 
day shall be within one inch of the compacted thickness shown on the plans, except 
that the compacted thickness at any one place may be within 1 1/2 inch of that shown 
on the plans. The Department's inspector will make such measurements as deemed 
necessarv to monitor the compacted thickness of the treated layer during construction. 
However, the Contractor is responsible for production controls that will ensure the 
depth of treatment is within the specified tolerance. If the average compacted 
thickness shown by the measurements in that day's construction is not within the 
specified tolerances, the Contractor will be required to reconstruct that day's work or 
portion of day's work at his sole expense. 
The Department reserves the right to determine the actual thickness of the 
completed and cured layer by coring or other means. and any deficient areas shall be 
acceptably corrected at no cost to the Department. 
Any stabilized roadbed that does not meet the surface tolerances of Section 
208.03 shall be corrected by leveling with the same material as the subsequent course. 
after curing of the roadbed is completed, and at no cost to the Department. 
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E. Curing and Protection 
�the roadbed has been frmsbed as Efpeeifleclnereln;lt�slrai1-be�cteu������� 
against drying for 7 calendar days by applying a bituminous curing seal. 
The curing seal shall be applied as soon a possible , but no late r than 24 hours  
afte r completion of finishing ope rations. The finished roadbed shall be kept moist, by 
continuous sprinkling if necessary, until the curing seal is applied. When the 
bituminous mate rial is applied, the surface of the roadbed shall be dense , fr e e  from 
loose extraneous mate rial, and shall contain sufficient moisture to prevent penetration 
of the bituminous mate rial. 
The curing seal shall consist of the bituminous mate rial specified and shall be 
uniformly applied at the rate of approximately 1.6 pounds pe r square yar d with 
approved distributing equipment. The actual rate and application tempe ratur e of 
bituminous mate rial will be dete rmined by the Enginee r .  The curing seal shall be 
applie d  in sufficient quantity to provide a continuous membrane ove r the r oadbed. To 
Avoid excessive runoff, the seal shall be supplied in 2 or mor e  applications when 
dir e cted or pe rmitted, with each application made as soon as possible afte r the 
pr evious application. The curing seal will r etard but will not prevent loss of moisture :  
the refore ,  the sealed area shall be  wetted as necessary to maintain a damp condition 
to ensure maintaining adequate moisture in the stabilized mate rial, during the 7-day 
curing pe riod. 
No traffic or equipment othe r than curing equipment will be allowed on the 
finished surface until completion of 7 satisfactory curing days, unle ss pe rmitted by the 
Enginee r .  A satisfactory curing day shall be any day when the tempe rature  of the 
completed base does not fall below 50"F. If any damage occurs to the curing seal prior 
to completion of curing, the damaged area  shall be immediately resealed at the 
Contractor's expense . 
If the bituminous mate rial is still tacky or  sticky afte r the 7- day curing pe riod 
has ended, and trucks are allowed to haul ove r the sticky mate rial, a sand blotte r 
mate rial shall be applied at a rate of approximately 5 lbs./yd2, when r equir ed  by the 
Enginee r .  The sand blotte r shall be furnished and applied at the Contractor's 
expense , except when necessary to maintain public traffic. 
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Other acceptable curing materials or methods may be used upon written 
permission, at no change in cost to the Department. 
------��--
Any finished portion of the roadbed, which is traveled by equipment used 
during construction of an adjoining section, shall be protected in a manner to prevent 
the equipment from marring or damaging the completed work. 
When at any time the air temperature may be expected to reach freezing, 
sufficient protection against freezing shall be given the roadbed for 7 calendar days 
after placement. 
It is intended that the stabilized roadbed shall be completely covered with the 
specified pavement courses before work is suspended for the winter months. The 
Contractor shall make every reasonable effort to accomplish this objective. When the 
stabilized roadbed is not completely covered by the specified pavement courses, the 
Contractor shall be responsible for determining and performing any further work 
necessary to protect and maintain the uncompleted work during the winter months. 
The Contractor shall perform any work necessary to acceptable repair or restore the 
uncompleted work before the beginning of spring paving operations. When extra 
materials, methods, and construction techniques, not a part of the specified 
construction are determined to be necessary to protect, maintain, and repair any 
portion of the uncompleted work, the cost of such extra materials, methods, and 
techniques shall be borne by the Contractor. All work necessary to protect, maintain, 
or repair the stabilized roadbed shall be subject to the approval of the Engineer. 
F. Maintenance 
The Contractor will be required to maintain the entire roadway within the 
limits of his contract in a condition satisfactory to the Engineer, for the duration of 
the contract. Maintenance shall include immediate repairs of any defects that may 
occur either before or after the stabilized roadbed is completed, which work shall be 
done by the Contractor at his own expense and repeated as often as may be necessary 
to keep the roadway continuously intact. Repairs shall completely restore the 
uniformity of the surface and durability of the repaired portion. 
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IV. METHOD OF MEASUREMENT 
Hydrated Li;Tie�Wiifbe�measured. in tons for the�Hiiie�actuaTly incorporatea1nto��� 
the completed work. If quicklime is used. the pay quantity will be the quantity 
actually incorporated into the completed work multiplied by 1.25. 
All water used will be considered incidental to the work and will not be 
measured for payment. 
The stabilized roadbed will be measured in square yards in accordance with 
the requirements of Section 109. 
Bituminous material for the curing seal will be weighed in accordance with 
Section 109. 
V. BASIS OF PAYMENT 
The accepted quantities of hydrated lime will be paid for at the contract unit 
price per ton, the accepted quantities of stabilized roadbed will be paid for at the 
contract unit price per square yard, and the accepted quantities of bituminous curing 
seal will be paid for at the contract unit price per ton, which payment shall be full 
compensation for all labor, equipment, materials, and incidentals necessary to 
complete the work as specified in the contract. 
Payment will be made under: 
PAY ITEM 
Hydrated Lime 
Lime Stabilized Roadbed 
Bituminous Curing Seal 
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PAY UNIT 
Ton 
Square Yard 
Ton 
November 13, 1987 
